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Motivation
! Standard Model Lagrangian ! " ..,,
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Unitarity

Area of the Unitarity Triangle is proportional
to the CP violation in the Standard Model due 
to CKM Matrix

Sides and angles of the Triangle could 
be determined using many physics 
processes " Consistency check
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Triangle Side From B Mixing
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Mixing and OscillationsBB -
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Mixing and OscillationsBB -

! "tms;< cosA
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Mixing and OscillationsBB -

! "tms;< cosA
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DØ Bs Mixing: from Simple to Complex
! 2003

# Reconstruction of semileptonic B decays:                        
µD0, µD*±, µD±, µDs

# Understanding of sample composition, resolution,               
K-factor (momentum of non-reconstructed particles)

! 2004
# Measurements of Bd oscillations

$ Opposite-side muon tagging for Moriond 2004
$ Same-side tagging and combined tagging for ICHEP 2004

! 2005
# First Bs mixing results

$ For Moriond 2005
$ Update in Summer 2005 

! 2006
# Increased statistics
# Improved initial state flavor tagging

$ Added opposite-side electron tagging
# Improved analysis technique
# First indication of the Bs oscillations signal presented at Moriond 2006
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Excellent Tevatron Performance

! Data sample corresponding to over 1 fb-1 of the 
integrated luminosity used for the Bs mixing analysis

! Full dataset is ready

Run II Integrated Luminosity
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DZero Detector
! Spectrometer : Fiber and Silicon Trackers in 2 T Solenoid 
! Energy Flow : Fine segmentation liquid Ar Calorimeter and Preshower
! Muons : 3 layer system & absorber in Toroidal field
! Hermetic : Excellent coverage of Tracking, Calorimeter and Muon 

Systems

SMT H-disks SMT F-disks SMT barrels
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Muon Triggers
! Single inclusive muons

# |!|<2.0, pT > 3,4,5 GeV
# Muon + track match at Level 1
# No direct lifetime bias

$ Still could give a bias to measured lifetime if 
cuts on decay length are imposed in offline

# Prescaled or turned off depending on inst. 
lumi.

# B physics triggers at all lumi’s
$ Extra tracks at medium lumi’s
$ Impact parameter requirements
$ Associated invariant mass
$ Track selections at Level 3

! Dimuons: other muon for flavor tagging
! e.g. at 50·10-30 cm-2s-1

# 20 Hz  of unbiased single µ
# 1.5 Hz of IP+µ
# 2 Hz    of  di-µ

! No rate problem at L1/L2
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Silicon Microvertex Tracker (SMT)

! Asymptotic (high momentum) resolution of 15µm
# Will be improved with Layer 0
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Layer 0 is being inserted! 
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Challenge: High Track Multiplicity

µ+

! -

K+
K-

µ+

cm

cm

-#-#== KKBB ss >?+00

@

-
sD



3/24/2006 S.Burdin /Bs Oscillations/ 15

Analysis Outline

! Select Bs candidate
# Concentrate on the most clean decay mode Bs""µDs("#$)

! For each Bs candidate
# BS flavor at decay time from muon sign at the reconstructed side
# Transverse length LT  and its error
# Transverse momentum PT(Bs) (use PT(Dsµ))
# B-hadron flavor at the opposite side  (indicates BS flavor at production time)
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Signal Selection

! Select events with a muon
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Signal Selection

! Find two tracks in the same jet with the muon
# different signs
# Impact Parameter significances with respect to the Primary Vertex
# common vertex
# # mass
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Signal Selection

! Find third track in the same jet with the muon
# sign opposite to the muon
# Impact Parameter significance with respect to the Primary Vertex
# common vertex with kaons
# DS mass
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Signal Selection

! Combine three tracks into Ds particle
# Decay Length significance with respect to the Primary Vertex
# common vertex with the muon
# some constraints on the µDS invariant mass
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Signal Selection Function

The following discriminating variables were used:

(PDFs for background and signal 
from data):
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Signal Selection

! For each Bs candidate
# Determine measured Visible Proper 

Decay Length
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Proper Decay Length
! Proper Decay Length is 

determined from the 
Visible Proper Decay 
Length

! K Factor takes into 
account the escaping 
neutrino and other 
missing particles 
#

! From MC, each decay 
mode

Kxct M
Bs
*

s

s

B
T

D
T
p

pK
+

*



3/24/2006 S.Burdin /Bs Oscillations/ 23

Initial State Tagging

! Use Opposite Side B-hadron
# bb pairs are produced
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Initial State Tagging

! If muon or electron at opposite side is found then use  
the muon (electron) jet charge
# assume B semileptonic decays
# clean from background (cascade decays) using weighting 

technique
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Initial State Tagging

! Secondary Vertex charge
! Find Secondary Vertex at opposite side

# formed by tracks with Impact Parameter significances with respect to the 
Primary Vertex

# has decay length significance with respect to the Primary Vertex
! Sum weighted charges of tracks in this vertex
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Initial State Tagging

! Event Charge
# Sum weighted charges of tracks with pT > 0.5GeV

$
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Combination of Initial Flavor Tagging Variables
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Calibration of Dilution Using Bd"D*±µ"X
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!mHFAG = 0.507 ± 0.004 ps-1
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µ@> sample @ D0 (~1 fb-1)

µDs: 26,710±560

Opposite-side flavor
tagging

Tagging efficiency ~20%

µD±: 7,422±281

µD±: 1,519±96

µDs: 5,601±102
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Sample Composition
! The signal peak (µ+Ds)

# Estimate using MC simulation, PDG Br’s, Evtgen exclusive Br’s

Signal: 85.6%
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Expected Asymmetry
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Amplitude Method

! If mixing signal with $ms, amplitude             
otherwise 

! Scan $ms, for each value find                      
from the fit to the VPDL distributions
# fit to asymmetry vs. VPDL represents         

a simplified case
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Binned Asymmetry Fit 
(Old technique)

Summer 2005 Result (610 pb-1):
95% CL limit: 7.0 ps-1

Expected limit: 8.1 ps-1

Current data set:
95% CL limit: 7.8 ps-1

Expected limit: 9.5 ps-1

Improved Flavor Tagging and 
increased statistics
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Upgrade to Event-by-Event Fit

! Probability Density Functions (PDF) for each source
# Proper Decay Length
# Dilution
# Proper Decay Length Error
# Mass
# Signal Selection Variable

! "! "sigisigbgisig
candidates

fff ,,1 FF #-E*

fln2-Minimize 

! " yMd
prxM

x
i PPPPdxPf prMx

M

M 10log,, -* @>FF
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Proper Decay Length 

! Signal

! Combinatorial background
# Long-lived background

$ Non-sensitive to the tagging
$ Sensitive to the tagging

$ Non-oscillating
$ Oscillating with !md frequency

# Prompt background
$ Width depends on resolution
$ Constant width

! " ! " ! "G G
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%
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(
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max
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sig psxxGdxxEff
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Efficiency Dependence on VPDL

! From MC
# Cross-checked and tuned using data

! Note that efficiency at VPDL=0 is not 0
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dpr

D

Dilution

! Determine dilution on event-by-event basis

Isolated tagging muons (electrons)
DØ Run II Preliminary
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Cross-check Using Bd"XµD±("@>)

! The Amplitude Scan reveals the Bd oscillations
# at correct place " no lifetime bias
# with correct amplitude " correct dilution calibration

Amplitude Scan
DØ Run II Preliminary
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Vertex Resolution

! Determined by vertex fitting procedure

Period of oscillations @ 19ps-1

DØ Run II PreliminaryDØ Run II Preliminary
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Tuning Resolution Using Data
! Use J/!"µµ sample

# Fit pull distribution for J/% Proper Decay Length with 2 Gaussians
# Resolution Scale Factor is 1.0 for 72% of the events and 1.8 for the rest
# Confirmed by Impact Parameter tuning procedure in MC

µ

PVJ/% vertex

µ

L±&L

DØ Run II Preliminary
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I II III IV

K-factors
! Use different K-factor distributions depending on 

the mass of µDs system for Ds and Ds
* samples
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! Contributions of background, D+, Ds and D+ reflections 
are taken into account

!Fit in the entire mass region from 1.72 to 2.22 GeV

(KK)$Mass



3/24/2006 S.Burdin /Bs Oscillations/ 43

Signal Selection Function

! Use the signal selection 
function in the likelihood
# Use the full information 

to weight the events
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Results of the Lifetime Fit

! Different background models are used for cross-check and systematic errors
! Trigger biases have been studied

# Different efficiency models
! Central values for c'Bs= 404 ( 416 µm

# Statistical error ~10 µm
# HFAG value c'Bs = 438 ± 12 µm

Most important region
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Results for Bs Mixing
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Amplitude Scan for Sideband

DØ Run II Preliminary
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Amplitude Scan

! Deviation of the amplitude at 19 ps-1
# 2.5& from 0
# 1.6& from 1
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Log Likelihood Scan

IJKLK;ms <  21 ps-1 @ 90% CL assuming Gaussian errors
Most probable value of ;ms = 19 ps-1

Systematic

# Resolution
# K-factor variation
# BR (Bs=+DsX) 
# VPDL model
# BR (Bs=DsDs)

In agreement with the amplitude scan

Have no sensitivity 
above 22 ps-1
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“Golden” Events for Visualization

Period of oscillations @ 19ps-1

DØ Run II Preliminary

! Weight events using

! "
! "
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log,
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eyMSignif
;

-
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See Bs Oscillations By Eye!

! Weighted asymmetry

! This plot does not 
represent the full 
statistical power of our 
data
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World Average

@19ps-1: 1.5"" 2.3"

HFAG Preliminary
Correlated systematics
not yet included
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Ensemble Tests
! Using data

# Simulate $ms=) by randomizing the sign of flavor tagging
# Probability to observe $log(L)>1.9 (as deep as ours) in the range 

16 < $ms < 22 ps-1 is 3.8%
$ 5% using lower edge of syst. uncertainties band
$ Region below 16 ps-1 is experimentally excluded
$ No sensitivity above 22 ps-1

! Using MC 
# Probability to observe $log(L)>1.9 for the true $ms=19 ps-1 in the 

range 17 < $ms < 21 ps-1 is 15%
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Impact on the Unitarity Triangle
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Impact on the Unitarity Triangle
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Conclusion
! 1 fb-1 Data sample was used for the Bs oscillation 

measurement
! 2.5# deviation from 0 is observed in the amplitude scan 

at 19 ps-1

# in agreement with the loglikelihood scan
# 90% C.L. interval for $ms: 17 – 21 ps-1 assuming Gaussian 

errors
! Improvements for the summer

# New decay modes in the semileptonic analyses
$ Ds"K*K, KSK, 3>
$ e+Ds

# Hadronic Modes
# Same-Side Tagging

! Layer 0 is being installed
! Stay Tuned
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Backup Slides
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Analysis of the Combination of Experimental 
Results by Abbaneo & Boix (1999)

! Probability of statistical fluctuation: 1 - C.L.$3%
! " interval   13.0 --- 17.5 ps-117.2

8.18.14 -#
-*; psms

JHEP08 (1999) 004
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Systematic Uncertainties
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µ+

! -

K+
K-

"

D-
S

BS
µ+

Tagging muon
Y, cm

X, cm

Oscillated BS candidate in                              
Run 164082 Event 31337864

!Two same sign muons are detected
#Tagging muon has !=1.4
#See advantage of muon system with large coverage

!MKK=1.019 GeV, MKK!=1.94 GeV
!PT(µBs)=3.4 GeV; PT(µtag)=3.5 GeV
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Performance of Different Taggers
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